Summary.-A VLDL-associated cytotoxic factor was isolated from sera of pregnant rats and characterized. The inhibitory effect of this factor on the macromolecular synthesis of rat prostate adenocarcinoma cells (PA-III) was also examined. VLDL (Sf 20-4C0) was subfractionated by differential ultracentrifugal flotation and the Sf 100-400 fraction was associated with most of the oncolytic activity. Chemical analysis of serum VLDL at various stages of pregnancy indicated that the 4 major constituents of VLDL (protein, triglyceride, cholesterol, and phospholipid), and the cytotoxic titre, were increased significantly before parturition and restored to normal levels by 24 h post partum. The delipidation of lyophilized VLDL by n-heptane suggested that the cytotoxic component was associated with the neutral lipid core of VLDL.
/-oestradiol, progesterone, 25-hydroxycholesterol, or free fatty acids (oleic, stearic, palmitic, linoleic, linolenic and arachidonic acids), monopalmitolein, elaidyl and a-linolenyl alcohol.
The role of this factor in host defence against neoplasia is discussed.
THE ASSOCIATION of serum lipoproteins with oncolytic activity was first reported in sera from women in advanced pregnancy against HeLa cells (Rejnek et al., 1963) . The concept that lipoproteins can function as containment factors in host defence against neoplasia was developed and substantiated with the observation that very-low-density lipoproteins (VLDL), isolated from sera of pregnant rats, manifest a wide spectrum of cytotoxicity against a number of tumour cell lines (Chan & Pollard, 1978a, b) . Low-density lipoproteins (LDL) and high-density lipoproteins (HDL) had no cytotoxicity. The role of VLDL in host regulation of tumour metastasis was subsequently postulated, in the study in which heparin was shown to accelerate the spontaneous metastasis of implanted prostate adenocarcinoma cells (Chan & Pollard, 1980) . The metastasis-enhancing effect of heparin was shown to be mediated via the release of lipoprotein lipases from the endothelial cells which act specifically on VLDL, thereby drastically reducing its cytotoxic titre.
We here report experiments that were designed to characterize further this VLIDL-associated cytotoxic factor. These include (i) the subfractionation of VLDL by ultracentrifugal flotation, (ii) the delipidation of VLDL by n-heptane, (iii) chemical analysis of VLDL by thinlayer chromatography, and (iv) kinetic studies of inhibition of macromolecular * To whlom reprint requests should be addresse(l. synthesis by VLDL. The possible role of VLDL as a surveillance agent in host defence against neoplasia is discussed.
MATERIALS AND METHODS
Animals and serum collection.-The Lobund Wistar (LoW) rats (150-200 g), used throughout the study, have been maintained and propagated in our laboratory for 36 generations. Serum samples were collected from pregnant rats which were subjected to a timed-breeding schedule. At 36 h before parturition, rats were fasted for at least 18 h. They were then anaesthetized with ether and exsanguinated from the exposed heart. After storage at 4°C for 2 h, the serum was separated from the clot by centrifugation at 3000 g for 10 min. The serum was further clarified at 10,000 g for 10 min at 4°C. Lipoproteins were then isolated from the serum.
Ultracentrifugal flotation.-Total VLDL (Sf 20-400) was isolated by preparative ultracentrifugation as described (Chan & Pollard, 1978b) (Freeman & West, 1966 The lipid extracts were quantitated for triglycerides (Biggs et al., 1975) , total cholesterol (Allain et al., 1974) , and lipid phosphorus (Gindler & Ishizaki, 1969) with reagents from Sigma Co. (St Louis, Missouri). Calculation of phospholipid mass was made on the assumption that phosphorus accounts for 4% of the total phospholipid weight.
Partial delipidation of VLDL.-The neutral lipid core of VLDL was selectively extracted with n-heptane (Gustafson, 1965) . Two ml of VLDL was lyophilized in the presence of 50 mg-potato starch and extracted twice with 5 ml of redistilled n-heptane. The nheptane extracts were pooled and evaporated under N2 to a final volume of 1 ml for lipid analysis as described above. For the quantitation of oncolytic activity of the lipid extracts, the n-heptane phase was evaporated under N2 to dryness, and reconstituted with 2 ml of Eagle's minimum essential medium (MEM) by sonication for 1 min. The reconstituted lipids were assayed for PA-III C150 endpoint (Chan & Pollard, 1978b) . The final sediment, which consists of apoprotein-phospholipid complex, was dried under N2 for 30 min at 4°C and extracted with 2 ml of 0-15M NaCl. The soluble residue was separated from the starch by low-speed centrifugation and assayed for oncolytic activity.
Protein determination.-Protein was determined by the method of Lowry, bovine serum albumin being used as a standard. Turbidity caused by high concentrations of lipids was resolved by the addition of 1 ml of 2% sodium deoxycholate before spectrophotometric reading.
Tiss3ue culture.-The rat prostate adenocarcinomi. cell lines (PA-Ill and PA-IIIf) (Chang & Pollard, 1977; Chan, 1981) were used as target cells to investigate the oncolytic activity of VLDL. Both lines have been cloned and reconstitute adenocarcinomas when inoculated into LoW rats, where they metastasize spontaneously via ipsilateral lymphatic channels to the lungs and produce lesions (Pollard & Luckert, 1979; Chan, 1981) . The PA-III cells were propagated in MEM with 10% heat-inactivated foetal bovine serum (Grand Island Biological Co., N.Y.), plus penicillin 100 u/ml) and streptomycin (100 [kg/ml). The PA-IIJr line is a subclone of PA-Ill, which has been adapted to grow in a serum-free medium supplemented with growth factors (Chan, 1981) . Colony-inhibition assay.-The colony-inhibiting assay was used to quantitate the cytotoxic activity of VLDL and its various subfractions. Both PA-Ill and PA-Ilif were used as target cells. The assay has been described previously (Chan & Pollard, 1978b (Chan, 1980) . Leucine, L-(14C) (sp. act. 50 mCi/mmol) and thymidine (methyl-3H, sp. act. 20 Ci/mmol) were from New England Nuclear (Boston, Massachusetts) . The PA-Ill cells were pulse-labelled with radioactive precursor (1 HCi/ml) for 1 h at the end of the incubation with VLDL. The 10% TCA precipitates were collected on Millipore filters (HAWPO 2500) and counted in Biofluor, a Beckman LS 7000 liquidscintillation counter being used.
RESULTS

Lipid analysis of VLDL
The 4 major lipid components of VLDL (triglycerides, esterified and free cholesterol, and phospholipids) were separated by thin-layer chromatography on plates coated with silica gel G, and were identified by matching distance of migration with lipid standards. Phospholipids remained at the origin of application, whilst esterified cholesterol moved the furthest from the origin, followed by triglycerides and then cholesterol as distinct bands. There was a drastic overall increase in the quantity of all the lipid constituents of VLDL from pregnant rats at 24 h before parturition when compared with the nonpregnant control (Table I ). The increase in the triglyceride content was most pronounced-an almost 10-fold difference. There was no significant difference in the lipid content of VLDL from rats 24 h post partum or from non-pregnant rats.
Heptane delipidation of VLDL VLDL was lyophilized in the presence of potato starch and then extracted with n-heptane. The n-heptane extraction completely removed neutral lipids from VLDL, with preservation of a soluble apoproteinphospholipid complex. As detected by TLC, a small portion of phospholipids was also removed during the heptane extrac- though the cultures were rinsed, fresh medium replenished, and the cells allowed to recover for 96 h. The inhibition of PA-III colony formation as a function of the hours of exposure to VLDL is shown in Fig. 1 . There was a lag period of about 2 h, after which the % inhibited rose linearly and showed a plateau at 55% during 6-10 h exposure. The % inhibition rose again linearly to 100% cytotoxicity at 15 h.
The effects of VLDL on DNA and protein synthesis of PA-Ill cells were studied by pulse-labelling the cell cultures imme- (5 ,g/ ml) to the medium. VLDL was extremely cytotoxic to the PA-Ill cells, as both DNA and protein synthesis were almost completely shut off at the end of 24 h incubation. The cytotoxicity of VLDL cannot be neutralized by the addition of cholesterol to the culture medium.
Other lipids which are known to be associated with VLDL were also tested for cytotoxicity against the PA-Ill cells by the colony-inhibition assay. Compounds tested include prostaglandin F2a, monopalmitolein, elaidyl and y-linolenyl alcohol, 3-oestradiol, progesterone and free fatty acids-oleic, stearic, palmitic, linoleic, linolenic, and arachidonic acid. The concentration of these lipids was 0-5-2-0 pg/ z 0 z 2 0 $ ml, and the assay was performed in serumfree conditions as described above. No cytotoxicity was observed in any of the above lipids, nor was the cytotoxicity of VLDL enhanced in the presence of these compounds.
DISCUSSION
The role of lipoproteins in the transport of triglycerides and cholesterols for tissue metabolism and their ability to regulate the biosynthesis of cellular cholesterol via specific receptors have been recognized and documented (Goldstein & Brown, 1974 . Recently new biological roles of lipoproteins have been reported. These include: (i) neutralization of xenotropic C-type virus (Leong et al., 1977; Kane et al., 1979) ; (ii) inhibition of the haemagglutination of Rubella virus (Shortridge & Ho, 1974; Steinman, 1976) ; (iii) regulation of mitogenic response of lymphocytes (Curtiss & Edgington, 1976 Hui & Harmony, 1980) ; (iv) modulation of the tumoricidal activity of macrophages (Chapman & Hibbs, 1977) ; (v) lysis of trypanosomes (Rifkin, 1978) ; (vi) inhibition of granulopoiesis in marrow cultuires (Mortensen et al., 1979) ; and (vii) inhibition of colony formation by prostate adenocarcinoma cells (Chan & Pollard, 1978a, b) . The oncolytic activity of VLDL and its regulatory role in tumour metastasis have been postulated (Chan & Pollard, 1978b , 1980 . Our present report aims at a better understanding of the chemical nature of this VLDL-associated cytotoxicity and its interaction with prostate adenocarcinoma cells.
The chemical analysis of VLDL isolated from sera of pregnant rats 24 h before and after parturition (Table I) indicates that high levels of VLDL had accumulated in serum at advanced gestation. This is in accordance with the report that pregnant women had very high values for total VLDL during late pregnancy (Barclay, 1972) . The values for VLDL components in the sera of pregnant rats showed an 8-9-fold increase over those in virgin rats. The most pronounced increase was due to 28 neutral lipids. There was also a concomitant 8-fold increase in the cytotoxic titre of VLDL in the sera from pregnant rats. The level of VLDL declined to normal at 24 h after parturition. This confirms our previous observation that the cytotoxicity of sera from pregnant rats peaks before parturition and disappears thereafter (Chan & Pollard, 1978b) . The physiological significance of serum hyperlipaemia before parturition remains obscure. One possible interpretation is the transfer of arachidonic acid from plasma lipoproteins to luteal tissues for prostaglandin synthesis. A 10-fold rise in lutein triglyceride con- centrations has been reported in pregnant rats 48 h before parturition (Strauss et al., 1977) . It has been suggested that prostaglandins produced within the lutein cells might induce the regression of corpus luteum (Strauss et al., 1977) . The increase in cytotoxicity of VLDL during late pregnancy could function as a defence of the mother against the influx of allogeneic cells from the foetuses. The existence of such non-immunological host defence has been proposed (Apffel, 1976; Prehn, 1977 ponents. However, the identity of these components has yet to be determined.
One possible explanation for the observed cytotoxicity of VLDL is the autooxidation ofits cholesterol into oxygenated derivatives such as 25-hydroxycholesterol (25-OH). These oxygenated sterols have been reported to be potent inhibitors of de novo cholesterol biosynthesis in tissue culture cells, with subsequent cell death (Kandutsch & Chan, 1977; Kandutsch et al., 1978) . However, such an interpretation cannot be supported, since the supplementation of culture medium with cholesterol did not reverse the cytotoxicity of VLDL, whilst the inhibitory effect of 25-OH on the colony formation of PA-III cells can be neutralized by cholesterol. Furthermore, kinetic studies (Table IV) indicate that VLDL was able to arrest DNA and protein synthesis of PA-III cells within 12 h of treatment, whereas 25-OH required more than 36 h to exert its inhibition effects. Although the kinetic studies of the inhibition of macromolecular synthesis ( Figs. 1 and 2 ) and colony formation of PA-Ill cells by VLDL has provided some understanding of the time course of cellular events after exposure to VLDL, the actual mechanism of oncolysis remains unknown.
By means of differential ultracentrifugal flotation, VLDL was separated into 3 subfractions, the Sf 100-400 fraction conferring most of the cytotoxicity (Table  III) . It has been reported that cancer patients with various types of malignancies, such as melanoma, leukaemia and lymphoma, had high values for total VLDL, and the Sf 100-400 fraction was very high (Barclay & Skipski, 1975) . Similar observations were made in rats bearing Walker carcinosarcoma 256, and the neutral lipids of VLDL, especially the triglycerides, were significantly high (Barclay et al., 1962 (Barclay et al., , 1967 . We have also observed that rats developing primary colon tumours and a high level of VLDL, accompanied by a significant increase in the cytotoxic titre of VLDL (unpublished) It thus appeared that the VLDL-mediated surveillance mechanisms, as suggested above, are operative in vivo, and deserve further investigation.
